
Epigallocatechin-3-gallate sensitises multidrug-resistant
oral carcinoma xenografts to vincristine sulfate
Li Chen1,2,3, Xianwen Guo2 , Ye Hu2,4, Li Li3, Gang Liang3 and Guo Zhang2

1 New Drug Research & Development Center, First Affiliated Hospital of Guangxi Medical University, Nanning, China

2 Department of Gastroenterology, The People’s Hospital of Guangxi Zhuang Autonomous Region, Nanning, China

3 Pharmacy School of Guangxi Medical University, Nanning, China

4 Guangxi Medical University, Nanning, China

Keywords

angiogenesis; epigallocatechin-3-gallate;

multidrug resistance; oral squamous cell

carcinoma; tumour growth; vincristine

sulfate

Correspondence

G. Zhang, Department of Gastroenterology,

The People’s Hospital of Guangxi Zhuang

Autonomous Region, No. 6 Tao-Yuan Road,

Nanning, Guangxi 530021, China

E-mail: zhangguogx@hotmail.com

and

G. Liang, Pharmacy School of Guangxi

Medical University, No. 22 Shuangyong

Road, Nanning, Guangxi 530021, China

E-mail: lianggang@gxmu.edu.cn

Li Chen, Xianwen Guo, and Ye Hu

contributed equally to the execution and

completion of these studies.

(Received 26 November 2019, revised 4

May 2020, accepted 27 May 2020)

doi:10.1002/2211-5463.12905

Oral squamous cell carcinoma (OSCC) is a very aggressive malignancy,

and 50% of patients who receive curative treatment die from the disease or

related complications within 5 years. Epigallocatechin-3-gallate (EGCG) is

the most abundant bioactive ingredient of tea polyphenols in green tea and

has anticancer properties. Here, we evaluated the preclinical efficacy of

EGCG combined with vincristine sulfate (VCR) on the growth, angiogenic

activity and vascular endothelial growth factor (VEGF) expression in xeno-

graft nude mice inoculated with KBV200 cells. Compared with VCR alone,

the combined use of EGCG and VCR strongly inhibited tumour growth

and angiogenesis (P < 0.01). VEGF mRNA and protein levels were lower

in the KBV200 xenograft group treated with the combined regime

(P < 0.01) than those in the VCR alone group. EGCG sensitises mul-

tidrug-resistant OSCC to VCR, and this may occur through the inhibition

of angiogenesis via VEGF down-regulation.

Oral squamous cell carcinoma (OSCC) is a very

aggressive malignancy of head and neck cancer and

has a dismal outcome, that is, more than 50% of

patients who received curative treatment would die

from the disease or related complications within

5 years [1–5]. Effective treatments for OSCC include

chemotherapy, surgery and radiotherapy [6]. Although

the short-term efficacy of these treatments is

confirmed, the long-term prognosis of patients remains

poor, which is mainly attributed to OSCC recurrence

and development of resistance to chemotherapeutic

agents.

Multidrug resistance (MDR) is a phenomenon

whereby human tumours acquire resistance to multiple
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anticancer drugs with diverse structures and

mechanisms of action; MDR is the main cause of

chemotherapy failure and high mortality rate of can-

cer [7]. One of the important advances in our under-

standing of MDR is the identification of

P-glycoprotein (Pgp) and other related cell mem-

brane transporters, which can increase the efflux of

cytotoxic drugs from cancer cells and thus decrease

their intracellular concentrations [6–9]. Classical

MDR is often partly due to the elevated expression

of efflux pumps in the cell membrane [10]. The med-

ium of the breast epithelial tumour cell line MCF7,

which is known to overexpress MDR1 Pgp, induces

angiogenesis correlated with platelet-activating factor

[11]. A new and seemingly counterintuitive preclinical

strategy to combat drug resistance in cancer has

been developed; in this method, ‘chemotherapeutics

act as antiangiogenic agents’, that is the ability of

such drugs to damage or kill genetically stable host

endothelial cells of a tumour’s newly formed neovas-

culature [12,13]. The administration of chemothera-

peutic drugs in this manner is called ‘antiangiogenic’

or ‘metronomic’ chemotherapy [13].

Epigallocatechin-3-gallate (EGCG) is the most

abundant bioactive ingredient of tea polyphenols in

green tea and exhibits a wide range of pharmacological

actions, including anticancer, antiultraviolet radiation

and antiangiogenic effects [14–17]. The anticancer

effect of EGCG could be due to its inhibition of

tumour angiogenesis by reducing vascular endothelial

growth factor (VEGF) expression, resulting in sup-

pressed tumour growth [18–20]. Pilot studies suggested

that EGCG may help reverse the MDR of various

human cancers [21–23]. Yuan et al. [24] reported that

EGCG sensitises cisplatin-resistant oral cancer by

MDR1 signalling inhibition. However, the effect of

EGCG on tumour MDR and the exact mechanisms

have not been elucidated, especially the reversible

effect of EGCG. Moreover, EGCG enhances the syn-

ergistic anticancer effect of other drugs, such as mela-

tonin; as such, combining EGCG with other drugs is a

reasonable strategy to treat cancers [25,26]. However,

EGCG has side effects. Mice treated with gradually

increasing doses of EGCG exhibited some of the fea-

tures observed in patients with subacute liver failure,

especially ascites [27].

The present study aimed to evaluate the preclinical

efficacy of EGCG combined with vincristine sulfate

(VCR) in human OSCC. A KBV200 cell-inoculated

xenograft nude mouse model, which is a representative

MDR OSCC model, was established. The model was

treated with different compounds to examine antitu-

mour activity in vivo and investigate the underlying

mechanisms. The effects of the combined treatment on

tumour growth, angiogenesis and VEGF expression

were assessed using daily measurement, immunohisto-

chemistry, ELISA and RT-PCR analysis.

Materials and methods

Materials

The KBV200 human MDR of oral carcinoma cell line was

kindly provided by X. Zuoliang (Beijing University, China).

BALB/C-nu/nu nude mice (4–5 weeks old) weighing 13–
17 g were obtained from SLRC Laboratory Animal Co.,

Ltd (Shanghai, China). The mice were maintained under

pathogen-free conditions in facilities approved by the Ani-

mal Centre of Guangxi Medical University. EGCG was

extracted and separated according to the method of the

patent (No: ZL91109820.8). VCR was purchased from

Shanghai Hualian Pharmaceutical Company (Shanghai,

China). RPMI-1640 medium and FBS were acquired from

Gibco-BRL Life Technologies, Inc. (Gaithersburg, MD,

USA). Anti-VEGF and anti-CD34 antibodies and Ultra-

SensitiveTM SP Plus Kit were bought from Fuzhou Maixin

Company (Fujian, China). Human VEGF ELISA kit was

supplied by Jingmei Biotechnology (Beijing) Co., Ltd

(Shenzhen, China). Rapid RNA extraction and purification

kit was purchased from Beijing Huashun Biotechnology

Company (Beijing, China). First-strand cDNA synthesis kit

was obtained from MBI, Inc. (Salt Lake City, UT, USA).

PCR amplification primers were supplied by Shanghai San-

gon Biological Engineering Technology and Service Co.,

Ltd (Shanghai, China). Fertilised white leghorn chicken

eggs were provided by Liang Feng Agricultural and Animal

Co., Ltd (Nanning, China).

Chick embryo chorioallantoic membrane assay

Chick embryo chorioallantoic membrane (CAM) assay

was performed as described with slight modification [28].

The eggs were soaked in 1% solution of bromo-geramine

for 5–10 min. The fertilised chick eggs were placed on a

tray with 45° angle and incubated for 5 days at

(37.6 � 0.2) °C and 60% relative humidity. After incuba-

tion, a small window (15 mm 9 15 mm) on the air cham-

ber side of the eggshell was opened with a dental saw.

Shells were removed carefully with sterile forceps. Subse-

quently, 80, 160 and 320 lg of EGCG (80, 160 and

320 mg�L�1, 1 mL each) and PBS were injected directly

onto the CAM. The eggs were sealed with sterile medical

tape and incubated for 48 h. The CAM was then fixed

with a mixture of methanol and acetone (1 : 1) for

15 min and photographed using a camera. The extent of

angiogenesis was determined by counting the number of

blood vessels over 5 mm circumambient CAM.
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Cell culture

KBV200 cells were cultured at 37 °C [5% (v/v) CO2]

in vitro by using RPMI-1640 supplemented with 10% (v/v)

FBS, 100 U�mL�1 penicillin G and 100 µg�mL�1 strepto-

mycin. The culture medium was added with 200 nmol�L�1

VCR to maintain VCR resistance. For subculturing, the

cells were dissociated using 0.25% trypsin with 0.02%

EDTA.

In vivo animal model studies

KBV200 cells were cultured and isolated by typsinisation.

Cell number was counted using a haemacytometre. The

cells were resuspended in PBS, and 5 9 107 cells per

0.2 mL of PBS were injected into the right axilla of each

nude mouse. When the average tumour size reached

125 � 56 mm3 in 8 days, the mice were randomly divided

into six groups (n = 6 in each group, three males and

three females) as follows: control (PBS only), VCR

(0.46 mg�kg�1, q4d, intraperitoneal injection), EGCG

(20 mg�kg�1, qd, intraperitoneal injection), VCR combined

with low-dose EGCG (VE low group; 10 mg�kg�1, qd,

intraperitoneal injection), VCR combined with medium-

dose EGCG (VE mid group; 20 mg�kg�1, qd, intraperi-

toneal injection) and VCR combined with high-dose

EGCG (VE high group; 40 mg�kg�1, qd, intraperitoneal

injection). Drug doses were determined according to the

preliminary experiment in the absence of cytotoxic effect.

Tumour dimensions were measured with calipres every

2 days. Mean tumour volume was calculated using the fol-

lowing formula: V (cm3) = width2 9 length 9 0.52. The

mice were sacrificed on day 13 after drug administration.

The tumours were resected to measure the weight and cal-

culate tumour inhibition (%) by using the formula (mean

weightcontrol � mean weightdrug administration) 9 100%/mean

weightcontrol. Relative tumour volume (RTV) was deter-

mined using Vsacrificed/Vbefore drug administration, and relative

tumour proliferation ratio (%) was measured using

RTVdrug administration/RTVcontrol.

Immunohistochemistry and staining of fixed

tumour sections

After the mice were sacrificed, tumours were fixed immedi-

ately in 10% buffered formalin phosphate and embedded

in paraffin. The sections were stained with SP kit in accor-

dance with the manufacturer’s instructions. The paraffin

sections were routinely dewaxed with xylene and hydrated

with gradient alcohol. EDTA buffer antigen retrieval was

used for VEGF antigens, and CD34 antigens were citrate

buffer retrieved. Primary antibodies (1 : 50) were applied at

4 °C overnight. The sections were washed with PBS and

incubated with secondary antibodies at room temperature.

The sections were coloured with 3,3-diaminobenzidine and

stained with haematoxylin. The negative control was

prepared with the same steps, except that the primary anti-

body was used instead of PBS.

Any cytoplasmic yellow brown-stained tumour or

endothelial cells were considered as VEGF-positive cells.

Positive rate was evaluated by calculating the percentage of

positive cells with a minimum of 500 cells.

Angiogenic activity was assessed by microvessel density

(MVD) analysis using immunohistochemistry with antibod-

ies to endothelial marker CD34 and determined according

to the method of Foote et al. [29]. In brief, CD34-im-

munostained sections were firstly observed at low magnifi-

cation (9100) to identify areas with the highest

neovascularisation. Within the areas, the stained microves-

sels were counted at high magnification (9400). The aver-

age count of vessels in five random areas was considered

the value of MVD.

ELISA determination of EGCG

Mouse blood was obtained and centrifuged at 1500 g for

10 min. Serum was collected and frozen at �80 °C. VEGF

concentration was measured using ELISA kits in accor-

dance with the manufacturer’s instructions.

Semiquantitative RT-PCR analysis of EGCG

mRNA expression

The tumour tissue was collected, lysed and processed for

total RNA isolation at 4 °C by using an RNA extraction

and purification kit. Total RNA concentration in each sam-

ple was determined using a spectrophotometer. The integ-

rity of the extracted RNA was confirmed by electrophoresis

under denaturing conditions. Total RNA (1 µg) was

reverse-transcribed to cDNA by using the first cDNA syn-

thesis, and primers were chemically synthesised with a

DNA synthesiser. The primers used for VEGF and b-actin
gene amplification are shown in Table 1. The PCR prod-

ucts were visualised on 1.5% agarose gel, and pictures were

taken with a Bio-Rad Gel Doc 2000 gel imaging analyser

(Bio-Rad, Hercules, CA, USA). Relative gene expression

level was calculated by normalisation to b-actin by using

QUANTITY ONE analytic software (IBM Corp., Armonk, NY,

USA).

Statistical analysis

All statistical analyses were performed using SPSS 17.0 soft-

ware package (IBM Corp.). Data are expressed as

mean � SD. Differences between groups were examined

using ANOVA for repeated measures, followed by Dun-

can’s multiple range test. P values < 0.05 were considered

statistically significant.
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Results

Effect of EGCG on angiogenesis in CAM

Chick embryo chorioallantoic membrane was used to

analyse the effect of EGCG on angiogenesis. Newborn

vessels in the PBS group were rich, clear and have

intact branching structure. Despite no significant

morphological difference in large vessels between

EGCG and PBS groups, the results indicated that

EGCG exhibited substantial growth inhibitory effect

on medium and small vessels, especially on the latter

(P < 0.01, Table 2).

Effect of EGCG on tumour growth in KBV200

xenograft model

Our group and other researchers reported that EGCG

can inhibit tumour growth in a variety of human can-

cers [30–32]. Here, we observed a similar effect on the

multidrug-resistant KBV200 xenograft model. Figure 1

shows that EGCG had no evident effect on tumour

weight and volume compared with the control group,

thereby revealing that EGCG alone could not inhibit

KBV200 growth. VCR could suppress tumour growth,

and this effect was greatly enhanced by combining

VCR with EGCG. Hence, the combination of EGCG

and VCR could significantly inhibit tumour growth.

By contrast, tumour growth was inhibited in the

EGCG combined with the VCR group. The RTV

decreased from 1.8 � 0.5 to 1.4 � 0.4, while the

Table 1. RT-PCR primer sequences and amplification condition of gene.

Gene Direction Sequence (50–30) Product (bp)

VEGF Sense CGAAACCATGAACTTTCTGCTGTC 452

Antisense TCACCGCCTCGGCTTGTCACAT 584

b-actin Sense ATCTTCAAACCTCCATGATG 120

Antisense ACCCCCACTGAAAAAGATGA 120

Table 2. Effect of EGCG on angiogenesis in CAM. Data expressed

as mean � SD.

Group

Large

vessel

Medium

vessel Small vessel

PBS 2.20 � 0.79 5.70 � 1.34 21.60 � 3.06

EGCG

(80 mg�L�1)

2.10 � 0.57 5.00 � 0.94 18.00 � 1.63**

EGCG

(160 mg�L�1)

2.10 � 0.74 4.90 � 0.74 14.30 � 2.00**

EGCG

(320 mg�L�1)

2.00 � 0.67 4.60 � 1.07* 11.60 � 1.96**

*P < 0.05 and **P < 0.01 vs. PBS group (one-way analysis of

variance, n = 10 in each group).

Fig. 1. Epigallocatechin-3-gallate and VCR-combined treatment considerably inhibited tumour growth in KBV200 xenograft. (A) Tumour

weight. (B) Relative tumour volume. A KBV200 cell-inoculated nude mice xenograft, which is a representative MDR OSCC model, was

established and then randomly divided into six groups treated with different compounds as follows: control (PBS only), VCR alone

(0.46 mg�kg�1), EGCG alone (20 mg�kg�1), VCR combined with low-dose EGCG (VE low group; 10 mg�kg�1), VCR combined with medium-

dose EGCG (VE mid group; 20 mg�kg�1) and VCR combined with high-dose EGCG (VE high group; 40 mg�kg�1). Compared with the VCR

group, the combination of EGCG and VCR could considerably inhibit tumour growth in a dose-dependent manner, while EGCG alone could

not. Data expressed as mean � SD.**P < 0.01 vs. control group, ##P < 0.01 vs. VCR group (one-way analysis of variance, n = 6).

1406 FEBS Open Bio 10 (2020) 1403–1413 ª 2020 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

Synergistic role of EGCG and VCR in OSCC L. Chen et al.



concentration of EGCG increased. Thus, EGCG com-

bined with VCR inhibited tumour growth in a dose-

dependent manner (Table 3).

All animals survived after the experimental model

procedures. The evolution of body weights of the six

study groups is shown in Table 4. Except for the VCR

group, there was a gradual weight gain in other five

groups over 13 days. The higher weight gain was

observed in the control group mice, with no significant

difference between the EGCG groups (P > 0.05). In

addition, VCR possessed toxicity to mice, showing a

significant loss of body weight (P < 0.01). However,

EGCG can reduce the toxicity of VCR, showing a sig-

nificant gain of body weight (P < 0.01). These results

suggest that EGCG could sensitise multidrug-resistant

OSCC to VCR in vivo.

Effect of drug on MVD in KBV200 xenograft nude

mice

As shown in Fig. 2, the variations in microvascular

morphology and size were different. The figure also

displays endothelial cell clusters or single endothelial

cell with a ring-shaped or cable structure. Dense

microvascular morphology was mostly distributed

within the front area infiltrated by tumour cells. As

shown in Table 5, the MVD in the control group was

22.58 � 3.83, which was significantly higher than that

in the VCR group (P < 0.01). However, the MVD in

the combined treatment group was lower than that in

the VCR group (P < 0.05).

Effect of EGCG on VEGF expression in KBV200

xenograft model

As shown in Fig. 3, the VEGF protein expression in

tumour tissues, which displayed brown diffuse cyto-

plasmic distribution in cells, was distributed more

around the edge of the active growth cells than that at

the centre. The VEGF expression levels in different

treatment groups were as follows: control, 41.17%;

VCR, 15.12%; EGCG, 16.34%; and VE mid, 7.41%.

ANOVA showed that the VEGF expression was

decreased by EGCG and VCR, and a synergistic effect

existed when the two were combined (P < 0.01). The

VEGF expression in the VE low group did not signifi-

cantly differ from that in the VCR group. However,

the VEGF expression levels in the mid and high VE

groups were reduced compared with that in the VCR

group (P < 0.01).

Effect of EGCG on VEGF serum levels in KBV200

xenograft model

The serum levels of VEGF were measured using

ELISA. As shown in Fig. 4, the VEGF concentration

in the VCR and EGCG groups significantly decreased

compared with that in the control group (P < 0.01).

The serum concentration levels of VEGF were

3.52 � 0.75 and 2.93 � 1.49 pg�mL�1 in the mid and

high VE groups, respectively. These values were obvi-

ously decreased (P < 0.01) compared with those in the

VCR group.

Effect of EGCG on VEGF mRNA expression in

KBV200 xenograft model

The mRNA of VEGF in the tumour tissues of differ-

ent treatment groups was measured by RT-PCR to

further examine the involvement of EGCG in the regu-

lation of VEGF at the mRNA level. EGCG demon-

strated similar effects on VEGF mRNA and serum

levels. As shown in Fig. 5, the combination of EGCG

and VCR significantly inhibited VEGF mRNA expres-

sion compared with VCR alone, except in the low

EGCG group (P < 0.05).

Table 3. Effect of EGCG on VCR anticancer activity in KBV200

xenograft nude mice. Data expressed as mean � SD.

Group Tumour weight (g) IR (%) RTV T/C (%)

Control 0.99 � 0.30 – 5.5 � 0.9 100

VCR 0.82 � 0.21** 17.6 4.3 � 0.9** 77.7

EGCG 0.90 � 0.19 9.5 5.7 � 0.5 103.5

V E low 0.31 � 0.19## 69.1 1.8 � 0.5## 33.3

V E mid 0.27 � 0.10## 72.8 1.6 � 0.8## 29.4

V E high 0.24 � 0.11## 76.1 1.4 � 0.4## 25.2

*P < 0.05 and **P < 0.01 vs. control group, #P < 0.05 and
##P < 0.01 vs. VCR group (one-way analysis of variance, n = 6).

Table 4. Effect of EGCG on VCR toxicity in KBV200 xenograft

nude mice. Data expressed as mean � SD.

Group

Mice survived (n) initial/

end Body weight (g) initial/end

Control 6/6 16.5 � 0.49/18.5 � 0.19

VCR 6/6 16.58 � 0.7/15.8 � 0.51**

EGCG 6/6 16.57 � 0.74/18.45 � 0.4##

V E

low

6/6 16.48 � 0.55/17.68 � 0.38**##

V E

mid

6/6 16.47 � 0.56/17.83 � 0.33**##

V E

high

6/6 16.45 � 0.91/18.03 � 0.47*##

*P < 0.05 and **P < 0.01 vs. control group, #P < 0.05 and
##P < 0.01 vs. VCR group (one-way analysis of variance).
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Discussion

Multidrug resistance is a critical cellular defence mech-

anism that protects tumour cells from chemotherapy

agents; this phenomenon is the major cause of treat-

ment failure in patients with cancer [33]. Drug efflux

transporters have emerged as a research hotspot. For

example, Pgp is one of the protein families located in

the plasma membrane and is encoded by the MDR1

gene [33,34]. Other molecules that are involved in drug

resistance include MDR-associated proteins [35,36],

glutathione S-transferase-p [37] and DNA topoiso-

merase II [38]. However, these molecules cannot fully

explain MDR in OSCC. MDR is an extremely com-

plex and multifactorial process [7]. Neovascularisation

plays an important role in MDR. MDR phenotypes

are closely associated with the phenotype of tumour

angiogenesis in human hepatoma cell lines [39]. VEGF

is the most crucial factor during the formation of

tumour blood vessels [40]. Klement et al. [41] found

that anti-VEGFR-2 antibodies combined with a small

dose of chemotherapy drugs could reverse the MDR

of high Pgp-expressing breast cancer cells. VEGFR-2

tyrosine kinase inhibitor YM-231146 could completely

suppress the growth of taxol-resistant tumour at the

dose of 100 mg�kg�1; this finding indicates the huge

effect of VEGF on MDR [42].

Researchers have been searching for resistance rever-

sal agents that have high efficiency, low toxicity and a

wide range of targets. Although compounds, such as

Table 5. Effect of drug on MVD in KBV200 xenograft nude mice.

Data expressed as mean � SD.

Group MVD (number/9400)

Control 22.58 � 3.83

VCR 18.67 � 3.19**

EGCG 21.53 � 3.73

V E low 15.83 � 2.14#*

V E mid 12.07 � 1.88##

V E high 9.25 � 1.91##

*P < 0.05 and **P < 0.01 vs. control group, #P < 0.05 and
##P < 0.01 vs. VCR group (one-way analysis of variance, n = 6).

Fig. 2. Combination of EGCG and VCR exhibited stronger inhibitory effect on tumour angiogenesis. Angiogenic activity was assessed by

MVD analysis using immunohistochemistry with antibodies to the endothelial marker CD34 (n = 6 in each group, magnification of 9400). In

brief, the CD34-immunostained sections were firstly observed at low magnification (9100) to identify the areas of highest

neovascularisation. Within the areas, the stained microvessels were counted at high magnification (9400), and the average vessel count in

five random areas was considered as the MVD value. The MVD in the control group was significantly higher than that in the VCR group

(P < 0.01). However, the MVD in the combined treatment was much lower than that in the VCR group (P < 0.05), indicating that EGCG

combined with VCR exhibited stronger inhibitory effect on tumour angiogenesis. Scale bar: 20 µm.
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verapamil and tamoxifen, demonstrate resistance rever-

sal activity in clinical applications, they still have limi-

tations owing to the narrow spectrum of targets and

considerable side effects [43–45]. Chinese medicine has

its superiority. Most Chinese medicines possess antitu-

mour effect; moreover, their effect can be enhanced

and their toxicity can be attenuated when combined

with chemotherapy drugs. These medicines are multi-

targeting and have limited adverse reactions. Many

extracts from Chinese herbals, monomer compositions

or compounds, such as tea polyphenols, tetrandrine,

neferine and Brucea javanica oil emulsion, could

reverse the MDR of leukaemia, breast cancer, liver

cancer, gastric cancer and oral epithelial carcinoma

[46,47]. Therefore, Chinese medicine that can reverse

MDR has become the focus of antitumour drug

research.

Epigallocatechin-3-gallate, the main component of

tea polyphenols, exhibits powerful biological effects,

such as antimutation, antitumour formation, MDR

reversal and anti-angiogenesis [48,49]. The exact mech-

anisms of the multiple pharmacological effects of

EGCG involve a number of key enzymes and informa-

tion transmission [50]. The anti-angiogenesis effect of

EGCG is fundamental to its antitumour formation.

Experiments verified that EGCG inhibits CAM vascu-

lar growth at the dose of 80–320 mg�L�1. EGCG can

also inhibit the secretion of VEGF in tumour cells,

resulting in suppressed tumour angiogenesis and

restrained tumour growth [18,51].

Fig. 3. Effect of EGCG on VEGF expression in KBV200 xenograft model. (A) Representative immunohistochemical staining image of tumour

tissue (magnification of 9400). Scale bar: 20 µm. (B) Summarised data. The VEGF protein expression in tumour tissues, which displayed

brown diffuse cytoplasmic distribution in cells, was more distributed around the edge of the active growth cells than at the centre. The

VEGF expression was decreased by EGCG and VCR, and a synergistic effect existed when the two were combined with each other. The

VEGF expression in low-dose EGCG combined with VCR did not significantly differ from that in the VCR group. However, the VEGF

expression in mid- and high-dose EGCG combined with VCR exhibited a marked reduction compared with that in the VCR group. Data

expressed as mean � SD.**P < 0.01 vs. control group, ##P < 0.01 vs. VCR group (one-way analysis of variance, n = 6).

Fig. 4. Effect of EGCG on VEGF serum levels in KBV200 xenograft

model. The serum levels of VEGF were measured using ELISA.

The VEGF concentration of either the VCR or EGCG group was

significantly decreased compared with that of the control group.

The VEGF level in the VE mid and high groups was evidently

further decreased compared with that in the VCR group (P < 0.01).

Data expressed as mean � SD. **P < 0.01 vs. control group,
##P < 0.01 vs. VCR group (one-way analysis of variance, n = 6).
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Sustained angiogenesis is a critical factor during the

growth and metastasis of solid tumours. After a solid

tumour is formed, nutrients for tumour cells are

mainly supplied by diffusion in the stage called avascu-

lar early stage of invasion. The diameter of tumour

nodule is generally less than 2–3 mm during this per-

iod. Once neovascularisation occurred inside the

tumour, the tumour growth is accelerated immediately

[52]. The tumour then becomes prone to invasion and

metastasis. Angiogenesis is similar in normal tissues

and tumours, but the ratio of immature vessels is

higher in the latter due to its particular microenviron-

mental conditions, including incomplete basement

membrane, few intercellular connections, irregular

lumen, evident distortion and sinus-shaped dilation of

blood vessels, high degree of atypia, fast growth and

abundant vas capillary [53]. The activation of tumour

angiogenesis does not mean improved blood perfusion.

Meanwhile, immature and nonfunctional vessels,

unbalanced distribution of blood vessels and rapid

proliferation of tumour cells lead to a hypoxic state

[53]. The decline in perfusion leads to difficulty in

achieving high concentration in tumour parenchyma;

thus, the treatment effect is greatly reduced. At pre-

sent, MVD is considered the gold standard for the

evaluation of tumour angiogenesis. In the present

study, we determined MVD by using specific CD34

antibody to mark endothelial cells in tumour. The

MVD was considerably reduced to 15.83 � 2.14,

12.07 � 1.88 and 9.25 � 1.91 in the combined EGCG

and VCR groups in a dose-dependent manner com-

pared with that in the VCR group alone (MVD:

18.67 � 3.19). Given the difference in xenograft

growth and tumour apoptosis, EGCG was proven to

exert a sensitisation effect on VCR by inhibiting

KBV200 growth in vivo possibly by partly diminishing

blood vessels. This phenomenon blocks nutritional and

paracrinal effects on tumour cells and thus induces

apoptosis.

However, the effect of EGCG on tumour growth

differed from that on VEGF expression. We specu-

lated that the difference could be due to two reasons.

Firstly, VEGF detection was performed using

immunohistochemistry, which is not sensitive to

VEGF. Secondly, the effects of EGCG on tumour

growth and VEGF possibly vary, that is, the inhibition

of EGCG on tumour growth might be through an

alternative pathway in addition to VEGF inhibition.

However, the exact reason remains unknown and must

be validated in future studies.

Epigallocatechin-3-gallate exhibits potential as a new

target for cancer therapy. Inhibiting tumour angiogene-

sis could be an effective therapeutic option to treat

refractory chemotherapeutic drug-resistant tumours.
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